Regulation of the actin-activated ATPase and in vitro motility activities of monomeric and filamentous Acanthamoeba myosin II.
The actin-activated Mg(2+)-ATPase activity of filamentous Acanthamoeba myosin II is inhibited by phosphorylation of 3 serine residues at the tip of the tail of each heavy chain. From previous studies, it had been concluded that the activity of each molecule in the filament was regulated by the global state of phosphorylation of the filament and was independent of its own phosphorylation state. The actin-activated Mg(2+)-ATPase activity of monomeric phosphorylated myosin II was not known because it polymerizes under the ionic conditions necessary for the expression of this activity. We have now found conditions to maintain myosin II monomeric and active during the enzyme assay. The actin-activated Mg(2+)-ATPase activities of monomeric dephosphorylated and phosphorylated myosin II were found to be the same as the activity of filamentous dephosphorylated myosin II. These results support the conclusion that phosphorylation regulates filamentous myosin II by affecting filament conformation. Consistent with their equivalent enzymatic activities, monomeric and filamentous dephosphorylated myosin II were equally active in an in vitro motility assay in which myosin adsorbed to a surface drives the movement of F-actin. In contrast to their very different enzymatic activities, however, filamentous and monomeric phosphorylated myosin II had similar activities in the in vitro motility assay; both were much less active than monomeric and filamentous dephosphorylated myosin II. One interpretation of these results is that the rate-limiting steps in the two assays are different and that, while the rate-limiting step for actin-activated Mg(2+)-ATPase activity is regulated only at the level of the filament, the rate-limiting step for motility can also be regulated at the level of the monomer.